Polyamines are essential for cell growth and differentiation; however their precise roles are unclear yet. In the present study, the cytotoxic effect of spermine (spm) on MCF-7 cells was investigated. In the MTT assay of MCF-7 cells treated with spm, cell viability was significantly decreased in a time-and dose-dependent manner. Cell viability measurement was confirmed by trypan blue staining. FACS analysis shows that sub-G1 was increased in a time-and dose-dependent manner too. When the cells were treated with spm, cells started to show morphological changes within 2 hrs. The expression of adhesion proteins (FAK and integrin β1), and cytoskeletal protein (actin) was checked by Western blotting analysis. Integrin β1 levels were slightly decreased, and FAK and actin levels were rapidly decreased with spm treatment. In confocal laser scanning microscopy, the distribution of actin did not change but the expression decreased in a dose-dependent manner with spm treatment. FAK was evenly distributed under the plasma membrane in the untreated control. However, at 10 μM spm FAK seemed to move toward the cell nucleus. Integrin β1, which was mainly found in the focal point of the plasma membrane in the untreated control, dispersed through the entire plasma membrane in spm treatment. The present results indicate that cytotoxic effects of spm are triggered by the disruption of adhesion proteins and cytoskeletal protein. 
Introduction
Polyamines such as putrescine (put), spermidine (spd), and spermine (spm) are small, flexible molecules, which bind to nucleic acids and proteins and thus affect their conformation and biological activity [25] . Polyamines are important multifunctional cellular components and are considered mediators of cell growth and division. Recently, polyamines have also been known to be implicated in cell death. It appears that polyamines are bivalent regulators of cellular functions, promoting proliferation or cell death depending on the cell type and on environmental signals [12, 18] . Among polyamines, spm was most effective in inhibiting cancer cell growth. The cytotoxicity of spm has been suggested by the production of H2O2 and aldehyde(s) from spm in the presence of amine oxidase [1, 2] .
Polyamines are also essential for the normal attachment of cells to the extracellular matrix (ECM), which explains at least some of the reliance of cell migration and the organization of the cytoskeleton on normal polyamine levels [22] . The migration of cells depends on their ability to make and break attachments to the ECM. The ECM controls cells through signals via a family of cell surface receptors called integrins [10] . The malignancy of a tumor is associated with its ability to undergo migration and metastasis. Metastases form after a series of sequential, interlinked steps involving a variety of adhesive interactions between cancer cells and host tissues [7] . The mechanism that plays a role in the cytotoxic properties of polyamine may be related to the down-regulation of integrin-associated signaling. Integrin family proteins are receptors that connect cells to the ECM. Integrins function as heterodimeric transmembrane cell surface receptors consisting of α-and β-subunits that bind several ECM proteins such as collagen, fibronectin, and laminin at the extracellular domain [11] . Integrin-associated signaling factors have been demonstrated to directly regulate the apoptotic machinery, as well as invasion. The apoptotic mechanism associated with loss of attachment to the ECM is called anoikis, which is also controlled by integrin mediated signaling in cooperation with the cell cycle regulators and pro-apoptotic proteins [9] . Among the integrin family members, integrin β1 has been shown to play an important role in the invasiveness, metastasis formation, and drug resistance of cancer cells [26] . As integrins bind to the ECM, they aggregate and direct the formation of a cytoskeletal and signaling complex that results in the assembly of actin filaments [19] . Integrin binding to ECM protein or integrin crosslinking increases tyrosine phosphorylation of focal adhesion kinase (FAK) [20] .
FAK, a tyrosine kinase, is a peripheral membrane protein and interact with integrin. FAK is believed to role as a central molecule in integrin-mediated signaling. It is one of the core adhesion proteins involved in cellular motility and protection against apoptosis [6, 21] . FAK resides at sites of integrin clustering, so called the focal adhesions, that are prominent in cells that are grown in tissue culture. FAK carries out protein-protein interaction adaptor functions at sites of cell attachment to the ECM, thereby contributing to focal-adhesion 'scaffolding', and also transmits adhesion-dependent and growth-factor-dependent signals into the cell interior. FAK influences the dynamic regulation of integrin-associated adhesions, and the actin cytoskeleton that is tethered there, through diverse molecular interactions [16] .
Actin remodeling is another crucial element of the cell-motility process. Adhesion dynamics are tightly linked to control of actin assembly and disassembly and FAK contributes to both, the latter usually by influencing RhO-GTPase pathways [5] . Integrins transduce signals by associating with adapter proteins that connect to the transmembrane growth factor receptors, cytoplasmic kinases, and cytoskeleton. The binding of integrin-ECM protein initiates by integrin clustering in the plane of cell membrane, promoting the assembly of cytoskeletal actin [23] . Actin reorganization stimulates the further association of integrin to large multi-protein aggregates, stimulating cell-matrix adhesion that allows, through cytoskeletal actin anchoring, peculiar cell and nuclear shape changes. These bio-molecular effects are necessary during cell cycle regulation/progression, ultimately directing the cell to proliferate, differentiate and/or die [8, 27] . Adhesion and cytoskeletal proteins provide the basic infrastructure in maintaining the cell shape and function. Alteration of actin remodeling not only plays an important role in regulating the morphologic and phenotypic events of a malignant cell but also provides a potential target for anticancer drug development. In the present study, to investigate the cytotoxic effect spm the expression of adhesion and cytoskeletal proteins including the integrin β1, FAK, and actin was studied in MCF-7 cells by Western blotting and confocal laser scanning microscopy. Cell culture The MCF-7 human breast carcinoma cell line was obtained from the American Type Culture Collection (ATCC, Rockville, MD), and maintained in DMEM containing phenol red with 10,000 units/ml penicillin G, 10 mg/ml streptomycin, and 10% heat-inactivation FBS in a humidified atmosphere of 95% air; 5% CO2 at 37℃. Culture media were changed every 2 or 3 days. Cells were harvested using trypsin-EDTA and subcultured at weekly intervals.
Materials and Methods

Measurement of cell viability
Cell viability were determined by using microculture tetrazolium technique (MTT) and trypan blue. The MTT assay is a quantitative colorimetric assay for mammalian cell survival and proliferation, based on the ability of live cells to utilize a pale yellow substrate, and its subsequent modification into a dark blue formazan product by these cells. MCF-7 cells were plated at 5x10 4 cells/ml in 48 wells in phenol red-free DMEM (2% DCC-serum). Cells were allowed to adhere 24 hrs, then incubated for additional 1, 2, and 3 days in different drug concentrations. Details for MTT assay are described in elsewhere [14] . Trypan blue is a water-soluble dye used for the dye exclusion test for cell viability to distinguish between viable and nonviable cells by seeping into nonviable cells with damaged plasma membranes causing them to appear blue. MCF-7 cells were plated onto 6-well plates at approxi-mately 2×10 5 cells per well and incubated for 24 hrs. After the cells were treated with spm at various concentrations, cells were harvested by trypsinization and resuspended in 0.4% trypan blue solution for 5 min. An aliquot of the cell suspension was taken in a hemocy-tometer, observed under phase contrast microscope to determine cell viability.
Assessment of morphology
The cells were either attached on slide glass by cytospin centrifugation for 5 min at 900 rpm using cellspin (Hanil). The cells were then fixed with 4% paraformaldehyde (Sigma, MO, USA) at room temperature for 20 min. Fixed cells were washed three times with PBS for 10 min and incubated with 0.2% Triton X-100 for 15 min. After three washes with PBS, the cells were incubated with an appropriate primary antibody in 1% bovine serum albumin (BSA) at room temperature for 2 hrs. For secondary reaction, the cells were incubated with an appropriate FITC -conjugated secondary antibody at room temperature for 2 hrs. The cells were incubated with Texas red phalloidin at room temperature for 2 hrs. Finally, the cells were mounted on glass slides and observed under Confocal microscope (LSM510, Carl Zeiss, Germany).
Flow cytometric analysis Cells were harvested, fixed with 95% ethanol for 24 hrs, incubated with 0.05 mg/ml PI and 1 μg/ml RNase A at 37°C for 1 hr, and analyzed by flow cytometry, using an Epics XL and analysis software (EXPO32 TM ; Beckman Coulter, MI, USA). The cells belonging to the sub-G1 population were considered to be apoptotic cells; the percentage of each phase of the cell cycle was determined.
Western blot analysis The cells treated with spm were harvested and lysed in lysis buffer (10 mM Tris/HCl, pH 7.4, 150 mM sodium chloride (NaCl), 5 mM EDTA, pH 8.0, with 1%Triton X-100, 0.01 mg/mL aprotinin and 0.04 mg/ml phenylmethyl-sulfonylfluoride (PMSF)). Equivalent amount of protein (20 μg) from each sample was subjected to electrophoresis using 10-12% sodium dedocyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). Total proteins were estimated by the method of Bradford assay. After SDS-PAGE proteins were transferred onto nitrocellulose paper (Bio-Rad) in a Bio-Rad electroblotting device. Ponseau S staining of transferred membranes was used to monitor loading equivalence and transfer efficiency. Nitrocellulose matrices were preblocked with 5% skim milk in TBST (Tris buffer saline, pH 7.4 containing 0.1% Tween-20) buffer for 1h at room temperature. Following TBST washing preblocked matrices was 4℃ overnight with various primary antibodies, and then with secondary antibody. The immune-complexes were detected using the ECL (enhanced chemiluminescence) detection kit (Amersham, USA).
Statistical analysis
All experiments were carried out at least in triplicate. Results were expressed as mean±SEM. Statistical significances between the control and the treatment group were determined by one-way analysis of variance and then followed by the Student T test. In all cases, a p value of less than 0.05 was considered statistically significant.
Results
Effect of polyamine on cell viability The effect of polyamine on the viability of MCF-7 cells was examined using the MTT staining method. In order to determine the effect of polyamines on MCF-7 cell viability, cells were treated for 1~3 days with spm and spd. As shown in Fig. 1 , spd did not have any significant effect on cell viability. However, when cells were treated for 3 days with 1-50 μM of spm, cell viability decreased in a dose-and time-dependent manner as shown in Fig. 1B . At the lower concentration (under 10 μM), spm did not affect cell viability. But rather cell viability slightly increased to 120% of the control at 1μM spm treated for 2 days. Cells treated with 20 μM spm showed about 80% viability after 3days incubation compared to the control. However, at 40 μM spm treated, cell viability dropped to 37% of the control on 3days incubation. At 50 μM spm cell viability dropped below 37% of the control in 3 days incubation. Put, which is the precursor of spd and spm, did not give any noticeable effect on cell viability (data not shown).
Effects of spm on MCF-7 viability assessed with trypan blue MCF-7 viability was also assessed using trypan blue dye exclusion assay after 24 hrs of treatment with spm. It is reported that live healthy cells will exclude the dye and appear opaque, while the dead and very weak cells take the dye and stain blue when observed under a light microscope. The results clearly showed that cell viability started to decrease within 24 hrs treatment of spm in a dose-dependent manner as shown in Fig. 2 . Cells treated with 50 μM spm showed about 38% viability for 1day incubation compared to the control in the MTT assay. But in the trypan blue assay, cells treated with 50 μM spm showed about 62% viability for 1 day incubation.
Effects of spm on MCF-7 viability assessed by flow cytometry
To explore more clearly the viability inhibitory effect of spm in MCF-7 cells, the cell cycle was analyzed using propidium iodide staining and flow cytometry. The results showed a typical sub-G1 arrest pattern in spm treated cells. As shown in Fig. 3 , sub-G1 populations increased in a dose-dependent manner by spm treatment. At 50 μM spm, cell death reached 51.2%. The flow cytometric analysis demonstrated that cells appear to accumulate at sub-G1 phases following spm treatment, with a concomitant decrease in the percentage of cells in the S and G2-M phase when compared to the control. These results suggest that spm causes the induction and accumulation of MCF-7 cells at sub-G1phase, resulting cell death subsequently.
Morphological changes of spm treated cells
To study the cytotoxic effect of spm in detail, the early effect on cell morphology was observed using phase-contrast microscope. A high concentration of spm treatment rendered morphological changes in MCF-7 cells as shown in Fig. 4 . Cells started shrinking and rounding approximately 2 hrs after treatment. After 12 hrs, cells were considerably detached from the culture dish surface, and after 24 hrs, most of the cells were detached and also lost cell-cell attachment. Spm induced morphological changes as well as inhibition of adhesion, migration and spreading.
Effect of spm on the expression of integrin β1, FAK, and actin proteins
The change in protein level of FAK, Integrin β1, and actin were analyzed by Western blotting. As shown in Fig. 5 , when cells were treated with spm for 24 hrs, FAK expression level decreased drastically. However, integrin β1 expression levels increased slightly in 10 μM spm, then slightly decreased at higher concentrations. Actin levels also diminished in a dose-dependent manner compared to the control.
Immunofluorescence analysis of FAK, integrin β1, and actin
The alteration in the cellular distribution of cytoskeletal proteins was checked by confocal microscopy. As shown in Fig. 6 , actin and integrin β1 appeared evenly expressed in the plasma membrane of the untreated cells, mainly located at focal contacts homogeneously distributed along the membrane of spread cells. Actin, which appeared under the plasma membrane of the cell in control, was decreased in a dose-dependent manner with spm treatment. Integrin β1 also decreased in spm treatment. Besides that level change, some alterations of integrin β1 distribution in the plasma membrane were noticed. Integrin β1, mainly found in the focal point of the plasma membrane in the untreated control, dispersed through the entire plasma membrane in spm treatment. FAK levels also decreased by spm treatment. However, FAK intracellular distribution was different from that of actin and integrin β1. It seemed like FAK was evenly distributed under the plasma membrane in the untreated control. However, at 10 μM spm FAK seemed to move toward the cell nucleus. The expression of FAK was almost completely knocked out at 40 μM spm even though actin was still under the membrane focal point as shown in the merged picture of Fig. 6 . . Immunofluorescence analysis of actin, integrin β1, and FAK. Cells were treated with spm (10 μM and 40 μM) in complete medium on glass coverslips for 24 hrs, then fixed and permeabilized. Co-localization of actin and integrin β1 was analyzed by confocal microscopy of the cells subsequently incubated with anti-integrin β1 (1:100) and anti-mouse IgG FITC-conjugated secondary antibody (1:100), followed by incubation with the phalloidin (1:100). Co-localization of FAK and actin was analyzed by confocal microscopy of the cells subsequently incubated with anti-Fak (1:100) and anti-rabbit IgG FITC-conjugated secondary antibody (1:100), followed by incubation with the phalloidin (1:100). Data shown are representative of three independent experiments.
Discussion
Polyamines are known to be essential and play multifunctional roles in cell viability, growth, proliferation and differentiation [23] . Polyamines have also been known to be implicated in cell death. It appears that polyamines are bivalent regulators of cellular functions, promoting proliferation or cell death depending on the cell type and on environmental signals [12, 18] . Among them, spm was most effective in inhibiting cancer cell growth The cytotoxicity of spm has been recognized for many years. Also, the recent study examines that polyamine depletion inhibited migration [15] and delayed cell attachment to ECM proteins by disrupting the cytoskeleton [22] . Previous studies have shown that increased spm concentrations in tumor tissues are correlated with cancer progression and that restriction of polyamine availability inhibits tumor growth [13] . However, the present results show that polyamines, especially spm, suppressed MCF-7 cell viability and also decreased the expression of several cytoskeletal proteins. The results showed that spm caused a time-and dose-dependent cell viability decrease. In the MTT assay of MCF-7 cells treated with spm, cell viability decreased rapidly. These results suggest that disturbance in intracellular spm level is related to cell death. The above results were confirmed again by the trypan blue assay. The trypan blue assay suggested that spm induced cell detachment before cell death through the disturbance of cytoskeletal proteins in MCF-7 cells. Flow cytometric analysis confirmed the above results. Flow cytometric analysis showed that significant cell death occurs in the cells treated with spm. At 50 μM spm, cell death reached 51.2%. The results demonstrated that cells accumulated at sub-G1 phases following spm treatment, with a concomitant decrease in the percentage of cells in the S and G2-M phase, compared to the control. It is known that the appearance of surface rounding and blebbing has been linked with alterations of cytoskeletal structure and function. Spm treatment rendered morphological changes of MCF-7 cells. Cell started shrinking and rounding approximately 2 hrs after the treatment. After 12 hrs of spm treatment, cells were considerably detached from the culture dish surface, and after 24 hrs, most of the cells were detached and lost cell-cell attachment. These results indicate that the treatment of spm in MCF-7 cells led to morphological changes suggesting an aberrant function of cytoskeleton proteins. The shape change may be due to significant alterations in the levels of cytoskeletal proteins, suggesting that integrin β1 and other cytoskeleton-bound proteins may be early targets of spm.
Cytoskeletal linkages also enable integrins to regulate cell shape and gene expression, mediating cell adhesion, spreading and migration of cells on ECM; all these processes are dependent on cytoskeletal actin [3] . Integins are physically linked to actin cytoskeleton to mediate the focal adhesions, which comprise large protein complexes containing both cytoskeleton and signaling through FAK. It has been proposed that FAK plays a critical role in cell migration as well as in the regulation of cell survival and cell cycle progression [17] . FAK carries out protein-protein-interaction adaptor functions at sites of cell attachment to the ECM [16] . Both in Western blotting and confocal microscopy, FAK was affected most severely by spm treatment as shown in the present work. FAK seemed to move toward the cell nucleus. Actin also showed level decrease, but without any cellular distribution in spm treatment. The membrane distribution pattern of integrin was mainly in the focal adhesion point in the control, but the spm treatment induced big change to even membrane distribution. Compared to the level change of actin and FAK, integrin level did not show a drastic decrease.
According to the results of the present work, spm affects especially FAK, which influence the actin and integrin modulation. FAK rapidly disappeared with spm treatment in MCF-7 cells and cell adhesion capacity was decreased. Therefore, the cytotoxic effect of spm seemed to be carried out by inducing the loss of cell attachment to the ECM, which is anoikis. Anoikis, a subset of apoptosis, is triggered by inadequate or inappropriate cell-matrix contacts [9] . Many kinase/phosphatase signaling molecules, including raf and phosphoinositide-3-kinase are known to be involved in the regulation of anoikis. Since bcl-2 expression levels are regulated by the above signaling molecules, the modulation of cytoskeletal proteins induced by spm might be correlated to the upstream event of apoptosis.
The level change of anti-apoptotic Bcl-2 and pro-apoptotic Bax proteins by spm treatment in MCF-7 cell was already reported in previous paper. Instead of caspase-3, caspase-7 played a key role in the downstream event of apotosis [14] .
The control of FAK could be to the clinical application for the prevention of metastasis. FAK is often over expressed in cancer cells [24] . FAK is a multifunctional protein that plays a critical role in the integrin signaling [21] as well as a key molecule in tumor cell metastasis [16] . Therefore, understanding of the adhesion and cytoskeletal protein modulation can be critical for the control of cancer.
